Novel indication for cancer therapy: Chk1 inhibition sensitizes tumor cells to antimitotics.
Paclitaxel (Taxol) is the most-prescribed anti-mitotic agent for a variety of advanced metastatic cancers. It induces mitotic arrest leading to apoptosis through microtubule stabilization. Chk1 is the major cell-cycle checkpoint kinase mediating S- and G2-arrests in response to various DNA-damages. Chk1 inhibitor is anticipated and has been demonstrated to potentiate the cytotoxicity of DNA-damaging agents through abrogation of cell-cycle checkpoints. Paclitaxel does not, however, induce Chk1 activation, and Chk1 has not been shown to function in mitotic checkpoint. Thus, Chk1 inhibitor is not expected to enhance the toxicity of paclitaxel. Here we show that downregulation of Chk1 sensitizes tumor cells to the toxicity of paclitaxel in cell proliferation assay. Fluorescence microscopy showed that Chk1 knockdown augments mitotic catastrophe and apoptosis in paclitaxel-treated cancer cells. Further, we elucidated the mechanism of this sensitization. Chk1 inhibition facilitates paclitaxel-induced M-phase entry by activation of Cdc2 kinase and accumulation of cyclin B1, the required cofactor for Cdc2 kinase activity. Moreover, Chk1 downregulation inhibits M phase exit through induction of the anaphase inhibitor, securin/PDS1. Collectively, Chk1 elimination sustains a more effective mitotic arrest as demonstrated by the more efficient accumulation of M-phase marker phospho-histone H3. We show that Chk1 elimination attenuates the paclitaxel-induced activation of the anti-apoptotic p42/p44 (ERK1/2) MAP kinase pathway, additionally contributing to the sensitization. Our results suggest that in addition to its well-established role as an enforcer of S and G2-checkpoints in response to genotoxic stress, Chk1 also plays a protective role in mitotic checkpoint to lessen mitotic catastrophe and thereby limits cell-death. Therefore Chk1 downregulation can not only potentiate DNA-damaging agents, but also enhance the toxicity of anti-microtubule agents, which significantly broadens its therapeutic applications.